ABSTRACT. A new and highly stereoselective synthesis of (E)-4'-amino-3,4,5-trimethoxystilbene was achieved by using 3,4,5-trimethoxybenzaldehyde and p-nitrotoluene as starting materials through condensation under solvent-free condition and followed by the reducing of nitro group with the system of NH2NH2/FeCl3/C in ethanol. The crystal structure of (E)-4'-amino-3,4,5-trimethoxystilbene was also determined by X-ray diffraction analysis.
INTRODUCTION
The polymethoxylated stilbenes are very useful building block for many applications in materials science and synthetic chemistry since E/Z isomerization, cyclization, cyclodimerization, and statistical C-C bond formations (polymerization, crosslinking) offer various reaction possibilities. 1 Interest in the drug synthesis and evaluation of polymethoxylated stilbenes as potential anticancer agents stems from the discovery of many such natural products as antimitotic and antileukemic agents. [2] [3] [4] [5] [6] Therefore, in order to obtain new analogues of polymethoxylated stilbenes with antitumor activity, previously we designed and synthesized a series of (E)-4'-alkyloylimino-3,4,5-trimethoxystilbene 7 from (E)-4'-amino-3,4,5-trimethoxystilbene (1) as a key starting material. In this process, starting compound 1 was synthesized from the condensation of 3,4,5-trimethoxybenzaldehyde and p-nitrotoluene in the presence of MeONa with low yield and following reduced reaction (total yield <28%). 8 Recently we found a new synthesis method of 1 and fortunately got single crystal of 1. The present paper describes the synthesis method and the crystal structure features of compound 1.
EXPERIMENTAL

General
All chemicals were of analytical reagent grade. The NMR spectra were recorded with a Bruker AVANCE300 spectrometer using TMS as internal standard. The IR spectra were recorded with a Nicolet 170SX FT-IR spectrometer using KBr pellets. Elemental analyses were performed on a VarioEL CHNS Elementar Analysensystem. The melting points were determined using a WRS-113 digital melting point instrument (the thermometer was not corrected). Crystal structure determination of 1 After recrystallization from acetone, white single crystals of 1 were obtained, which were suitable for X-ray diffraction analysis. X-ray diffraction data were collected on a Bruker Smart-1000 CCD diffractometer with graphitemonochromated Mo-Kα radiation (λ=0.071073 nm) by using ϕ and ω scan technique. The structure has solved by a direct method with the SHELXS-97 program 9 and refined on F 2 by the full-matrix least-squares method with the SHELXL-97 program.
Synthesis of (E)
10 All non-hydrogen atoms were refined anisotropically. All hydrogen atoms were added at calculated positions and refined using a riding model. The crystal used for the diffraction study showed no decomposition during data collection. The crystal data, experimental details, and refinement results are summarized in Table 1 . Tables containing complete information 
RESULTS AND DISCUSSION
Synthesis of (E)-4'-amino-3,4,5-trimethoxystilbene To the best of our knowledge, a few literatures reported on the synthesis of compound 1. Cushman's group, for the synthesis of an array of methoxylated stilbenes and related compounds as potential cytotoxic agents and their evaluation for the inhibition of tubulin polymerization, preparaed compound 1 by two steps.
11 First, through Wittig reaction of 3,4,5-trimethoxybenzyl triphenyl phosphonium bromide with p-nitrobenzaldehyde in the presence of sodium hydride in benzene under an argon atmosphere for 16 h gave the mixture of cis-and trans-3,4,5-trimethoxy-4'-nitrostilbene, followed by preparative thin layer chromatographic separation got the corresponding trans-3,4,5-trimethoxy-4'-nitrostilbene in 44% yield. Then the result compound was reduced with lithium aluminum hydride in THF to provide (E)-4'-amino-3,4,5-trimethoxystilbene in 82% yield. There are three drawbacks obviously in this course: phosphonium bromide, sodium hydride and lithium aluminum hydride are sensitive to moist or air, thus the reaction need in anhydrous condition and under an argon atmosphere; the low stereoselectivity of reaction gave a mixture of cis-and trans-3,4,5-trimethoxy-4'-nitrostilbene and a low reaction yield. To overcome these disadvantages, we attempted to find a new synthesis method for compound 1. Initial synthesis of 1, we refered to Zou's method for synthesis of pterostilbene, 12 the mixture of 10 mmol 3,4,5-trimethoxybenzaldehyde and 20 mmol pnitrotoluene was refluxed in dry methanol in the presence of sodium methoxide for 48 h to give (E)-3,4,5-trimethoxy-4'-nitrostilbene in 39% yield. Basic substance, sodium methoxide, is necessary in this reaction. It despoils the proton of the methyl of p-nitrotoluene to yield nucleophilicity carbanion. The double bond is formed from the nucleophilic addition of the carbanion to carbonyl of 3,4,5-trimethoxybenzaldehyde and followed by dehydration. The result compound was reduced by hydrazine hydrate of 50% in ethanol in the presence of catalyst of FeCl 3 and activated carbon to give compound 1 in 71% yield. However, this process still need in anhydrous condition and longer time, and exhibited a low yield (total yield <28%).
8
Some reactions can be achieved in high yield and shorter time by grinding under solvent free condition.
13 Therefore we grinded the mixture of 3,4,5-trimethoxybenzaldehyde, p-nitrotoluene and anhydrous K 2 CO 3 to explore the solvent free synthesis of 3,4,5-trimethoxy-4'-nitrostilbene, but the result indicated the reaction did not occur, maybe because K 2 CO 3 did not adequately touch with pnitrotoluene to despoil the proton of the methyl in solid. Polyethylene glycols(PEGs) have been widely used as phase transfer catalyst in many organic reactions 14, 15 owing to their stability, low cost, environment-friendly and easy availability. It is more effective that PEGs catalyze the reactions of K + or Na + salts participation. 16 Thus Cao's group used PEG-400 and K 2 CO 3 as catalysts to explore Knoevenagel condensation of aromatic aldehydes with ethyl cyanoacetate etc as active methylene compounds under solvent free condition, and got successfully an efficient synthesis method for mono-arylidene compounds.
17
In our exploration for the synthesis reaction of stilbene, namely diarylidene compound, when adding PEG-400 as a phase transfer catalyst to the mixture of 3,4,5-trimethoxybenzaldehyde, p-nitrotoluene and anhydrous K 2 CO 3 , after adequately grinding and depositing the mixture for 24 h, 3,4,5-trimethoxy-4'-nitrostilbene was found by tracking reaction with TLC. This result inspirited us to further explore this process. Considering p-nitrotoluene has a lower melting point at 54.5 o C, we want to know whether the condensation reaction of 3,4,5-trimethoxybenzaldehyde with p-nitrotoluene can be accelerated in the presence of anhydrous K 2 CO 3 and PEG-400 when the mixture are heated up to melting point temperature of p-nitrotoluene, namely p-nitrotoluene being a reactant and a solvent. A good result was gotten when the mixture of 10.0 mmol 3,4,5-trimethoxybenzaldehyde, 10.0 mmol p-nitrotoluene, 20.0 mmol anhydrous K 2 CO 3 and 1.0 mL PGE-400 was heated to 100 o C with magnetic stirring for 3 h. After adding water to mixture and filtrating, recrystallizing with ethanol, 3,4,5-trimethoxy-4'-nitrostilbene was obtained in 85% yield (see Scheme 1), trans isomer was obtained exclusively by this simple process without chromatographic separation, which was confirmed by its characteristic coupling constant in NMR spectrum for the olefinic protons of 16.2 Hz.
18 This method exhibited remarkable advantage compared with previous one. It is possible that this method Scheme 1. Synthesis of (E)-4'-amino-3,4,5-trimethoxystilbene.
Xia-Bing Li, Xi-Quan Zhang, Hong-Mei Gu, and Bao-Lin Li will be applied extensively to stereoselective synthesis of other stilbene compounds. Subsequently, (E)-3,4,5-trimethoxy-4'-nitrostilbene was reduced with hydrazine hydrate of 80% in the presence of catalyst of FeCl 3 and activated carbon in ethanol to give compound 1 in 91% yield without isomerization of trans double bond. This course for synthesis of 1 avoided completely anhydrous condition and using noxious organic solvent.
Crystal structure of (E)-4'-amino-3,4,5-trimethoxystilbene Fig. 1 shows the molecular structure of 1 from X-ray crystallographically determining, while the crystal data and selected parameters are summarized in Table 1 and Table 2 , respectively. The bond lengths and angles in molecule 1 are closely similar to that of stilbene itself and its derivatives. [19] [20] [21] The C(4)-C(7) and C(8)-C(9) bonds [1.464 (6) and 1.458 (5) Å, respectively] are relatively short compared with a normal single bond of 1.54 Å, 22 this indicate the resonance and partial double bond character of C(4)-C(7) and C(8)-C(9). The structure data shows compound 1 has an anomalously short olefinic bond of 1.316 (5) Å, compared to the normal conjugated olefinic bond of 1.38 Å. 22 This antifact was attributed to two factors: orientational disorder and dynamical disorder due to torsional vibration of the C-phenyl bonds in a direction perpendicular to the molecular plane. 
CONCLUSIONS
A new and efficient synthesis method of (E)-4'-amino-3,4,5-trimethoxystilbene was achieved using 3,4,5-trimethoxybenzaldehyde and p-nitrotoluene as starting materials in presence of anhydrous K 2 CO 3 and PEG-400, through condensation under solvent-free condition and subsequently reducing of nitro group by the system of NH 2 NH 2 /FeCl 3 /C in ethanol. This method avoided completely anhydrous condition and using noxious organic solvent, and exhibited high stereoselectivity, higher total yield in 77% and shorter reaction time. Meanwhile, the crystal structure of (E)-4'-amino-3,4,5-trimethoxystilbene was determined by X-ray diffraction analysis. 
